Abstract
S and O isotope analysis

168
All collected surface water and groundwater samples were analyzed for the S and O isotope 169 compositions of their dissolved SO4 (δ 34 S and δ 18 O, respectively). After arrival in the laboratory, raw water 170 samples were filtered, acidified with HCl, and dissolved SO4 was precipitated as BaSO4 by reaction with 171 10-20 mL of 10 % BaCl2. Prior to drying, the BaSO4 precipitate was rinsed several times with DI-water.
172
The δ 34 S of BaSO4 was determined using an EA1110 elemental analyzer coupled to a Finnigan Mat 252 173 isotope ratio mass spectrometer via a ConFlo II split interface in the Stable Isotope Research Facility at 174 Indiana University. S isotopic data are reported with respect to VCDT (Vienna Cañon Diablo Troilite).
175
Analytical reproducibility was better than 0.3‰ based on sample duplicates. Given that the water samples 176 were not filtered in situ in the field, we subsequently repeated precipitation of BaSO4 on several samples Bremen, Germany) at the University of Western Australia. BaSO4 was thermally decomposed in a highly-182 reductive environment and δ 18 O was analyzed in the CO gas yielded, which was carried in helium stream.
183
The raw δ-values were normalized using a multipoint normalization technique (Skrzypek and Sadler the water samples using the geochemical modeling program, PHREEQC™ (Parkhurst and Appelo, 1999) . Grande, drain, and waste effluent samples (Fig. 3A) . A similar relationship was observed for the SO4 versus 274 HCO3 concentrations (Fig. 3B) . In many cases, however, the saline and geothermal water samples plotted 275 outside the positive trend of SO4 versus Cl and HCO3 (Fig. 3AB ).
276
The NO3 concentrations of the Rio Grande samples usually varied over a range of <1 to 4 mg/L. 
284
In most of the investigated locations, the concentrations of PO4 were very low (<0.50 mg/L) (Suppl. small seasonal variation (+2.2 to +2.8 ‰) also suggests that evaporite-derived SO4 is negligible (Fig. 6A ). 
N and O isotope compositions
Evidence from S and O isotope composition of SO4
Additional indication of the importance of surface processes
474 475
Anthropogenic Agricultural impact on SO4 cycling and microbial processes
476
Although the SO4 concentrations considerably increased in the study area with the downstream flow in 477 the Rio Grande and agricultural drains (Fig. 8 ), they were not accompanied by important increases of δ 34 S 478 which varied over a narrow range of +0.6 to +2.5 ‰ (Fig. 5A, 8A (Fig. 4A ). This plant showed considerably higher NO3 (90 to 110 mg/L) compared to other plants in 534 west El Paso (22-46 mg/L; Suppl. Table 1 ). In Vado, however, the NO3 concentrations substantially Rio Grande and the septic waste end member (Fig. 4C) . Since the waste effluent from Juarez, Mexico 559 discharges to the Rio Grande ~160 km south of El Paso, we did not consider it as important in increasing 560 NO3 and PO4 loads in the studied drains at Locations 53 and 54 situated closer to El Paso (~50 km).
561
Additionally, the U.S. and Mexican irrigation canals and drains are not connected with each other, thus, 562 they can be treated separately in this interpretation.
563 564
Evaporation and evolution of water chemistry
565
Irrigation water applied to agricultural fields is consumed by crops (transpires or becomes plant 566 biomass), infiltrates to groundwater aquifer, and evaporates from the surface and/or the near-surface soil. considerably fractionate S isotopes, the SO4 and Cl concentrations of the Rio Grande were able to greatly 577 increase (Fig. 5C,D) , while at the same time the changes in δ 34 S were small (Fig. 5A ).
578
Salt mobility related to changes of seasonal conditions (e.g., irrigation, rainfall, evaporation) have been Grande and drain water samples were always saturated (or supersaturated) with respect to calcite (SI: 0 to 592 +1) (Fig. 11) . However, the water samples were undersaturated with respect to gypsum (SI: -1 to 0), and 593 greatly undersaturated with respect to halite (SI: -8 to -6) and thenardite (SI: -10 to -8 
Synthesis and recommendations
624
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